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Abstract of JP2003304010 
PROBLEM TO BE SOLVED: To simultaneously 
improve writing characteristics and reading 
characteristics by applying to a ferromagnetic 



layer a new material which has not been 
available heretofore. 
SOLUTION: A magnetoresistive element 
comprises: a pair of the ferromagnetic layers 
opposed via an intermediate layer to obtain a 
magnetoresistance change by supplying current 
perpendicularly to a film surface. In this element, 
at least one of the magnetic layers contains a 
ferromagnetic material containing Fe, Co and B. 
The ferromagnetic material preferably contains 
FeaCobNicBd, wherein a, b, c and d each shows 
atomic %, 5<=a<=45, 35<=b<=85, 0<c<=35, and 
10<=d<=30 are satisfied, and a+b+c+d=100 is 
satisfied. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To simultaneously improve 



writing characteristics and reading characteristics by 
applying to a ferromagnetic layer a new material which 
has not been available heretofore. 
SOLUTION: A magnetoresistive element comprises: a 
pair of the ferromagnetic layers opposed via an 
intermediate layer to obtain a magnetoresistance change 
by supplying current perpendicularly to a film surface. In 
this element, at least one of the magnetic layers 
contains a ferromagnetic material containing Fe, Co and 
B. The ferromagnetic material preferably contains 
FeaCobNicBd, wherein a, b, c and d each shows atomic 
%, 5<a<45. 35<b<85, 0<c<35, and 10<d<30 are satisfied, 
and a+b+c+d=100 is satisfied. 
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mmtzm-s. mmitmi <Dfcm& 1 nmut, 10 

nmtim^CiWS L< . C©ffiHrt-C&«>C <t 
«:«fcota#ftW»#tt**fii-C#*. t»$RIE^»7© 
MJ**5 1 n m*«-C**»6{cW«a«tt**^3(BCC«ft 
iS^ffffRiaSSJl 7 ©^i?*5 1 0 n m*±[slSti^ 
« T M R ^©«^^J*i itflltc « < ft 2> ©T-Slffl±^ 

m 7 ^±ai©7c** d tf ttw* 6 ft -s h©#ji r «ft 
ssft«©^sftN i f emmtommmmr'&zmtsic 

«. «$RlcSiJl 7 ©^W©^lt{* 1 0 n mtJflot 

[0038] * fc. ±jE©tm*«ffcB©i 5 icmmt 
zmiEi. mtmmmsiommao. 5nm«i. 6nm 

tlT"C4)SC<!:*5jlf* L-< . C©loHrtr'$)^C itCcfc 

©^*i 0 . 5 n m *iffi-c * 5 ti^fc ttmsffl&wm ft 

ton. aiKSBMtHSIiOltW^eniniiBaJS^fCW: 
[0 03 9] ft*J. **BJ©TMR*T<t 1/tSJ, H 1 

(c^-r<fc *> ftsBf b^^e 5 r^wwksui 7 ©-en^n 

3&J#»*» 6 «BR 3 ft * «teKHB£ 3 tl ft l » . PJ^. «0 3 
fc^-f J:0(C. «ffc@3©i5*s. il(DHtIfi5 a 
2 ©fiS-f t@^li 5 b i -CMmWm 5 c €r^*^-C 
ftSfflJi-7* 'Jjtjti3ti^JS#T'3boTif>. *^© 
«6**# 2.Ci^t#5. 13iCitTMRl+10f 
«. fSlOS8ftH3£»5a3WS»58l4ll4t»l/"CJB 
«3. Cft6©HF^Cc®!i<^^BSf'PffltcJ:o-C. mi<D 
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7x»j &&(Dmm&m 5 c ^ h n t**4 £ 0 x « . 

m«Ru t Cu, Cr. Au. Ag#^tf6ll€>c 

[0 04 0] */c, *»H©TMR3I!W. S 1 &t>'^ 
3tC^-r««fiR«:|RSStir. ^®«* 

[0 04 1 ] 3 6CC. *»Wtt. — »<D*fiBfl»##tt 

[0 04 2 ] ±iS<0J: 5ttTMR*^0»»«t»»# 

AMtcoor. H4ao e H5*#JHLJ5i:**6WW'r*. 
[0 04 3 ] *»WOTMR* : F4Wt5i'D^#-f> 
hfOMRAMTU^^:. B4t£7jVr o N0CC^-TMR 
aSfr©?- FSlWLi, C*i6»7-Ft8 

WL £ f * h«B L iOjgjS«:*«BHOTMRJIS-T-*«K 

CDMRAMT U-fttt, 3X3(0^V^Hl#7h 
l/**tfclcKyiJ3ft5 0 #7lfe, MRAMTU>fCCflH>6 
ft>E> TMR^T-i t'T^i, IHC^TMR^C^ 
Sti-T, 8UB7*«J«a*WTSH3{C7FrTMRJR^ 

[0 04 4 ] S^^ey-feJH l tt, H5CC7jrf J^fc* 
NWtl 4Stf FU-f >*WB1 5*6«C*h9>y^> l 

6**rr*. y-h«ai3tt. R^fflus©?-- f« 

WLl^Mltl^o hfiffil 3±tcte, itfcfgJf 
£/r L r * * i&ftffl© 7 - F« W L 2 aWBtt 3 n ri » 

wtTt&mi 8 7WftB3*iri»s. c©Ttt6Jai 8±<o 

*^<DTMR^-? I *»SS3tirc>S. C(Z)TMRI 
*l±tc, 9- KIWL 1 SOTL 2 iSStStr^ h 

[0 04 5 ] *«WS:il»l//cMRAM«. ^cCC^-</c 

tt#«HfttC|pi±'r*. *fc. *iHB0MRAMtt, T 
MRit<D/WT^*E«ff«Ftt*5fiI±l/fcTMR3RT- 1 
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6tt. R-Hftfiecfei^r^ ^^fist, r^tP-/ 

F»tt**fiJ±r4©r»*ii*x^-©fi«3*$H6ti 
-2> B tLhS!t«>4i k #S?BOMRAMtt, R* (fits 49 

[004 6 ] a*. *mi<DTMRmttom&mGm 
aam*. it«:a^fc«a^*y*wo*tt6r. asm 

FfttfC<Dtt»^* F£«ttl/fc^- Frw** F 

[0 04 7] *fc* *»9!«±a<MBtlCC|R3e3*i4 C 
[0 04 8 ] 

5*ffil>Titt9ILfc«J:5«:. MR AMCtttTMRaR^-fet 

20 mem <? ?>#m<D F^>^***w?ft-r*#. * 

^aSW-Ctt TM R#tt*i8^4 /cifetCH 6 7 CCtS 

[0 04 9] Hil 

Fe, C oSVBSr^tfCiCCj:***. 3fcCKic»»tt 

[0 0 5 0 ] <y>7Jl>\ >m6RVm7 itCfrt-fJ:*) 
CC. ^UttWIrflac^S^pttffffliffl*^ (Test ElementCr 
30 oup :TEG) «. S«2 1 ±tC, -7 - FfBW L £ f v bU 
BL<b;ME3*l/TE3*V cn6"7-KfiWLit7h 
*gB L £ (Di&zt Z> SP^CC SBE^SKSft^^^ 2 2 

w, smo. 5/imxgiii, o nm©itnjptt*ar 

* F 2 3 , 2 43^JBjSS3tin»*. * 
/c, 9- FUWLt fcT* hSBLiW, A 1 2 0 3 *»6 
«CSIB3SR2 5«c<fcor*»WCC*e»3tiS Q 
[0 0 5 1 ] C©J:5&TEGtt, fe<TCDct ^ CCLTf^ 
40 i¥3n€>o St£2 1±CC7- F*«»*Jfll«U, 

h »J y ^77 ^ tCj:^Tvx^0/c^tC7- Fifiti 

c7-Fi»*»«(yfco c<Z)i#, -7- F«fel>M)«i« 
«. WE<Da83 5 nm*-exy^>y3tifc. »15<b U 
-Ctt, il^>0. emmOMSEfbSK (2 Mm) W^->y^ 

[0 0 5 2 ] ^fc. ^ - FliWL«CTE©»fftS ( 1 ) 
50 ?Irtti^/l*7n^c 
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[0 05 3 ] Ta (3nm)/Cu (100nm)/P 
iMn (20nm)/CoFe (3nm)/Ru (0. 
8 nm) /C o F e (2. 5 n m) /A 1 ( 1 nm) - 
0»/FeCoB (4nm)/Ta (5nm) 

^FeCo B<Dffif&*. Fe9Co81B10 (JS-i 1 
%) il/c 0 */c, ttflaBfiWKWOC o F e«>6tt& 
KDfflS^r, Co75Fe25 ib/c. 

[0055] h >*ii/^yr)Br*iA 1 -o, »«. 

t*, -e©f&&C. BBR/7Jl/=f>©ifefiJt* I : lil, 
f t>^'-^E4:0. lmTorriU ICP77 
<fc o £jgA 1 li^^^X^fb^^ c tec J: n m 

i)\ ^@<DHSSWI-C«3 0fJ?<t Ltc Q 
[0 056 ] ^/c, h^^'JTlti^Al -O, 

[0057] ±iB©Bi*aiJBL/fca. saw*««eaBF«: 

T. lOkOe. 2 7 0°C, 4mffi®8mM&ift<\ JS 
*«ttlB-C*-5P tMn»©»»Hi^^«*tTO. SiSB 

[0 05 8] ±ffi©<fc SttBBBt* h >*JU*&©fBH 
fg, A 1 z O s €>C <L«:<fc*)S3 1 0 0 n 

mgiaoi»s»ii2 5*«EiBlo, S6«c:7*n/v^7 

-f CC J: 0 fc' ^ h *gB L RtfSg-T-^ v K 2 4 ^Mt^> C 
<hT\ H6RO'H7tC7S-rTEG*?#/c. 
[00 5 9] <1f>^U2 >®®14h >*H>tt&©»fll 
«E < 1 ) CD 5 *> , tf$SiBi3JB©fflJ&£, F e 8 C o 7 2 
B2 0 iOfcC<k£lWtt*>^H iHlSltC 

LTTEG^ff/c 0 

[006 0] <if>^U3>*IKtth>*^S^<DH» 
« < 1 > ©5%* ««BE»JiO«JlE*. F e 7 C o 6 3 

B3o {wj=f%) tutcctyLmzv^y'fri tmmc 
[0061] is?)i4 >mmvk h >* ji/«^©h«i 

ffi ( 1 ) ©^*3>, m?KlBii*fl©*I>££. Fe22. 5C 
o6 7. 5B10 (m*%) t LtcCtyLm*V>7'>l> 

[0062] <^>y')Vb>^mmb>^^m^<Dmm 

f& ( 1 > © *) ««K»«©fflJGS;4. F e 2 0 C o 6 . 
0B2 0 m^%) ilfcCia«t>7';H<!:0» 
CCOrTEG^rff/Co 

[0 06 3] <^>^bB>*88tth>*JU»^<DfB« 

jsje < i > ©5^. w«eauBo«jGdt«. Fen. 5 c 

o5 2. 5B3 0 i b/cC i«^Jt>7Jl/ 

1 tmmcLXTEGzmc 

[006 4] <Vyy~^7 b >* Jl/g^©Jf til 

J$(1)CD^, tA$Rie&S©ffi/&£. F e 3 6 C o 5 
4B1 0 tUfcCi«»B»>^H ilHJtt 
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[006 5 ] >^*;U8 >3£®1*fe h >*>M&^<Dmm 

fis ( 1 > ©*>*>. mmmm<Dmf&£, Fe 3-200 4 

8B2 0 iUcCi«WW>^H<bPlS 
(CLtTEG^c, 
[0 06 6 ] <1f>?';U9>^t±h>*>Mg^©II« 
fiS ( 1 ) ©5 fe. ««ia»Jt©fflfiS** F e 2 8 C o 4 
2B3 0 (H^%) il//cCi«Wit>^Hil^i 
CCl,-tTEG£f#/c 0 

10 [0067] <if >^;b 1 0 >&m± b >*)\s&£<om 
mf& ( 1 ) ©5 muBtwR©*^*. f e 2 5 c o 

75 il / /cC<b^i^>7^ 1 <b|5]SiCb 

tTEG^/Co 

[0 06 8] <^>?';H 1 h>*'Uifr&©JI 
fifBS ( 1 ) tOO ffi ffilBli®CD*flJ?££. F e 1 0 C o 
8 2B8 iO/cCiJW>ftt*>^ 1 £[SJ« 

[0 06 9] <*>^ibl 2>««tth>*^»^OH 
titefc ( 1 > ©5 tf $8fBlSJl©»&£. F e 5 0 C o 
20 4 3 B7 iL//cC<ttiWS1f>^H <fcg)« 

&C0TTEG£f#fc o 

[0 07 0] <U">:7*;1< 1 3>?SSS14 b>*)vm&<Dm 

mm c i ) ©s *>, *«Kaw©««E*. c o 9 5 b 5 

EG£f#/c e 

[0 0 7 1 ] <1f>^;H 4>%B8tth>*^«^©« 
«RS ( 1 ) ©0 ««aB»S|©«fiS*, F e 1 0 C o 
5 5B35 il/fcCitWtt*>^URI 
«{CLtTEG4f#/c B 
30 [0 07 2 ] <t>^JH 5>&fiBKh>*rt>j8^©JB 
tftaJc ( 1 ) ©0 «*ia»JB©ffl^E*. F e 3 0 C o 
3 5B35 (JH-f-96) <h L/cC £«?H*^> i H 
iiCUTEGWco 

[0 0 7 3 ] <if>^';H 6>3Bfi8f*feh>*^S^©B 
titeK ( 1 ) ©5 tSffiSHIiUl©*!^*. F e 4 0 C o 
3 0B30 iL//cCiKmJt>^HiBI 
ItC0tTEG«l/c o 

[0 07 4 ] <^>^*;U 1 7 >3£iSt± h >*>*Mg^©» 

«a& ( 1 ) ©5 mmmmmmz. f e 5 0 c 0 

40 3 0 B20 tUtcCt^mZV>y'Jll <b|Hj 

SCL,tTEG^/c 0 
[0 0 7 5 ] ^©^^fcffitJStifc^^il/ 1 -"^> 
^H7©TEG(C^»r. TfB©<t ^(COtTMR 

[0 0 7 6 ] TMRit©Ste 
^©MRAM^ea^^rU^grt*. «?3K]SW«CJ: 

50 iia-ftSiKS-a-SCliJCcfcO, TMRl;t©aH3t*tTo 
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GStffcSStt©— JifrhWC - 500Oe ^6+5000 
2 3£t*? h«gBL<Dig^* K 2 4 <t$CJ&^£'W T 

TMRJttLfc. ft*. l»fttgl*mH»tt*»*4C» 
o/cS^>6, C<DTMRJt«. 4 5%H±t?*5Ci 

[0 0 7 7 ] fiHaB^HcCDKt'OdOiBCe 
««^} (He) ±iecDTMRJ:hCD«fiSa^6^6 

ffigiffi<t©¥»Offi&C»U, ffi^tfJ (He) 
*#«>/c 0 K6^#ffll», AHc/Hcf»ftilT9 

(He) <Dtf6o#»4%«Tr*Sc4* 
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[0 0 7 8 ] ftJBJt©«lffi 

B$CD-5 0 0Oea&>6+5 0 0 O e * -COM»|6Hr*(0 
R-Hii(0R lmax-Rlmin (H = 

0) tOR 2max-R2mi n©it. ( R 2 m a x - 
R2min) / (Rlmax-Rlmin) CDfil?:^ 

0. 9ait*^Ci»JUC\ 
10 [007 9 ] /WT^«E«fi?3Ftt(D«3e 

><-f 7*WE* 1 0 0mV*6> 1 0 0 OmVlf 1 0 m 

r. JWSn/cOmVCCDTMRttCC^Lr. *»CCtt 
S^WrXfE***, cn^Vhalf^L/Co Vhalf 
tt, 55 0mVtU:rft4C<k3WiU». 
[008 0] VL±<D1t^y')l 1 -U->7\0< 1 7<Dtf$Rt2 
iiHooafiESVRIS*. TfB<Dil 1 CCSrT. «± 
<D<fc5CC3jc&6ftfcTMRJ:t ffSKHc(7)^o#. 
20 ft»ttSCfy<-<r^«E«cl¥ttoe**TK*2 ICS 

[0 08 1] 
[*1 ] 



o. 






co-sum 






flHKEB 

mmm 

(nm) 


1 1 




9 


81 




10 




2 • 




8 


72 




20 




3 




7 


63 




30 




4 ( 




2Z5 


87.5 




10 




5 




20 


60 




20 




6 




17.5 


52.5 




30 




7 




38 


54 




10 




8 




32 


48 




20 




9 




28 


42 




30 




10 




25 


75 








! 11 1 




10 


82 




e 




12 




50 


43 




7 




13 






88 




5 




14 




10 


55 




30 




15 




30 


35 




35 




16 




40 


I 30 




30 




17 




50 


30 




20 





[0 0 8 2 ] 
[«2] 



40 



15 



o. 




TMRfct 
(%) 


JfcBfCDHc 
(96) 


AS 


Vhatf 
(mV) 


1 


1 


46 


3.8 


0.9 


550 


2 


1 


60 


1.8 


a92 


700 


3 


1 


50 


2.4 


as4 


620 


4 




60 


3.8 i 


084 


560 


5 


1 


58 


1.8 


0.86 


730 


6 


1 


52 


2.2 


096 


640 


7 


1 


49 


IB 


0.92 


560 


a 


i 


56 


1.B 


093 


720 


9 


1 


52 


23 


0.94 


610 


10 


1 


42 | 


&2 


0.72 


540 


11 


i 


37 


4.4 


i QJBS 


570 I 


12 




44 


5.7 


0LB6 


580 [ 


13 


1 


44 


64 


0.72 


690 


14 


i 


28 


7S 


0.76 


490 


15 


i 


23 


6.4 


0.74 


510 


18 


1 


18 


5J5 


082 


530 


17 


i 


16 


f 4.9 


0.79 


540 



[008 3] fil±<D«l SO**2^6W6/P&J:^tC. 

Vh^f^m^X:{tm.WUB^Ltc(D^cMLX, TMR 
it, m&Jl (He) <D\Zh^>%, ftBlh&VsUTxm 

[00 8 4] £/c, *^^^M«^i5Hrtr^^1?" 
>^';l/l --tf>^;l/9U, 4 5%iO±CDTMRi:b^#6 

tt, Vhalf^5 5 0raV«±CD^l^^Lrc^(D 
•C, MRAMilt(7)»<Wfe^r 0/1 O^MiE^ 

u/c#oT\ ^>^;n--^>^9^, 

«, TMRJt. S®^; (He) (D«6ot, mtttRV 

[008 5 1 18(1 Fe. Co, B<DHS3fitfc«BlT\ 
1 1 7 y F Ufc 

5/ijH L %W±4 SI^/o^T. Co^3 5/l^%W±8 
5JliP%fe<T. B# 1 0i^F-9*teLb3 0I^%«T©i 

[0 08 6] JEt±©C£*6, »F>^^©^ 
^C^-rti^-^O^ttH^, Fe. CoSffBSt* 
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U F e^5M J f%ti±4 5IT%«T, Co^3-5I 
^%tLL8 51+°/o«T, B# 1 0J^%tLL3 01%+ 
% WT-C & & C i £ L 0 ><h fc>*> o /Co 
[0 08 7 ] jSfS2 

[0 08 8 ] <*>:/>U 8>®^tth>^i^^C0e 
*SJS£Tffi©cfc^ftft1#^ (2) tT&tt&lC. Mit 

mmmRvmmmmvmf&zmiz&tcc turn*. 
io v^y^i tmmic ur teg &mc 0 -r&^fe, 

»-C^)^)Fe20Co60B20 <Jj^P%) il 
/Co £/c. C©*>^1/1 8<DW*«aS»©«JSR*. F 
e45Co45B20 (0^f%) iUfc. 3 CO 

U*>:/ju i sk:*$i*tw:* ■y-v^n-t^^ l 7 <b 

o . mmmm<omm* 5 n m £ l/c 

Ta (3nm)/Cu (100nm)/PtMn (20 
nm)/CoFe (3nm)/Ru (0. 8nm)/C 
oFe (2nm)/CoFeB ( 1 nm) /A 1 (In 
20 m) -Ox /F e C o B ( 5 n m) /Ta ( 5 n m) 
[0 08 9] <y>7')l\ 9>«Itth>^;^oi 
«i>$ ( 2 ) fe. tftte<M0*fl«££F e 4 0 C o 4 
0B20 (JM-7-%) iO/cCi«n^^>r7';H 8ifHj 

[0 09 0] <"9">^;U2 0>9fifiBstth>*^«^©» 

w^s (2) o^fe, mmzmm(Dmj&zF e 3 s c o 3 

5B3 0 i U/cCc«^t>7*;H 8<h|U 

[0091] <^>^-;u2 i >&m&b^*)\>m&<Dm 

30 «fiS(2)(D5% l ««E»iO»S*Fe8Co7 2 
B2 0 (Wrf-%) $6^C'|f^lB^llcDJ^JP^2. 
5 n mt LtcC tVmUV^V>\< 1 8 tmfflCl,X T E 
G£f#/c e 

[0 09 2 ] <^>^;l/2 2>5Sfi8»h>*^^<Z)H 
(2 ) co^ fe, tf«tell^CD$I^^F e 2 0 C o 6 
0B2 0 (Jd-7-%) il/LCiW«f>^2 l<h|s] 
^CO-cTEG^ff/c. 

[0093] <i/>y^2 3 >wm. h>*frm&Dm 

AWE (2 ) <D5 fe, t*ttSef»l<Diej£&F e 3 2 C o 4 
40 8 B2 0 tbtcCt&LmtV->y t ^2 1 ifaj 

«6CL/rTEG*ff/c 0 
[0 094 ] <1f>^2 4>3&®f4 h>*^«^©B 
«fiS (2 ) <D*> fe, ftffiSBfl»(Dffia«F e 4 0 C o 4 

0B20 (m=¥-%) ±utcct&mzv>y*ji>2 \tm 

[0 0 9 5] <-*t>y')l2 b>m8tikh>*)l>m£i(Dm 
mm ( 2 ) <Do fe. tf«IBfi@(Dfflfi£*F e 8 C o 7 2 

b 2 o <; <b l, s hicmmmmomwz 1 . 

8 nma/cC <h«54«*>^ 1 8 ip]HltCL"CT E 
50 G^:f#/c 0 
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[0 09 6 ] <1f>:/Jl/2 6>&^tth>*JU&^<DJI 
fliffi < 2 ) (D*> fe, ti$Rf2iiUI<D*&J&£F e 2 0 C o 6 
0B2 0 tLtcCtamt^>y')l2 btm 

[0 09 7 ] <*>^JU2 7>»ffl»h>*iU«^DB 
fftj$ (2) <D5fe, tS$Rieii^<Ojfflfi5^F e 3 2 Co 4 

8B20 stm 

«{CUTTEG*f#fc e 

[0 09 8 ] <1^>^;U2 8 > )\^m^<Dm 

mm (2) <D^>h, mmmm<Dtm*F e9Co8 i 
bi o m*%) a. s e>(c««iaaB©jiw* i 

0. 5nmiL/cCi«n{W>^H 8<tigfiKcOT 
TEG^rf#/c 0 

[0 09 9 ] <*>^iU2 9>*lKI4h>*il/«^<Z)ia* 



(10) If 2 0 0 3 - 3 0 4 0 1 0 
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(2) <D5fe. tiffiief§yf<D*&/&£F e 8C o 7 2 
B2 0 iL/cC<?:«^f(^>^;U2 8£[e3« 

[oioo] <y>y'Ji>3 o>&m&h>*)m^<Dm 
mm (2) <o*>*>. mmzmmomf&zF e 7 C o 6 3 

B3 0 tLtcCtam^^y')^2 8tmU 

ICL XT EG &mtc 0 

[oion \a±joyvr>-ffo\ 8-*>^3 ootiffi 

10 ±©J:^Cc#«>6*ifcTMRtk. R«;frHc©«6o 
* . nj&UcJBtXf'i A T ^mfffifc#140^m^TlB^4 (c 

[0102] 
[*3] 



o. 












(nrrO I 


18 


2 


45 


45 




10 


5 


19 


2 


40 


40 




20 


5 


20 


2 


35 


35 




30 


5 1 


21 


2 


8 


72 




20 


25 


22 


2 


20 


60 




20 


2.5 


23 


2 


32 


48 




20 


2A 


24 


2 


40 


40 




20 


2.5 


25 


2 


8 


72 




20 


1.8 


26 


2 


20 


i 60 




20 


1J8 


27 


2 


32 


48 




20 


1w8 


28 


2 


9 


81 




10 


10.5 


29 


2 


6 


72 




20 


10.5 


30 


2 


7 


63 




30 


10.5 



[0103] 
[*4] 



o. 


BM*J£ 


TVRifc 
(WO 


5£6*<DHc 

(%) 


*9 


Vhalf 
(mV) 


i 16 


2 


47 


3.9 


0.81 


560 


! 19 


2 


54 


2 


0.93 


710 


20 


2 


50 


2.5 


a93 


610 


21 


2 


51 


1.7 I 


0.93 


680 


22 


2 ! 


53 


1.4 


Q97 


710 


23 


2 


51 


1.6 


0.94 


700 


24 


2 


50 


13 


0.94 


690 


! 25 


2 


33 


1.7 


0.94 


510 


I 26 


! 2 


31 


2 


0.91 


470 


27 


2 


30 


2_2 


0J9 
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